Effects of peroxisome proliferator-activated receptor γ in simvastatin antiplatelet activity: influences on cAMP and mitogen-activated protein kinases.
Statins are widely used as hypolipidemic drugs, and have beneficial effects in reducing cardiovascular events. In addition, recent studies on the pleiotropic effects of statins (i.e., simvastatin) reveal that these drugs have many additional anti-atherogenic effects, including antiplatelet activity. The mechanisms may be partly related to activation of peroxisome proliferator-activated receptors (PPARs), which are present in human platelets, and whose activation inhibits platelet aggregation. However, the details of the signaling pathway by which simvastatin inhibits platelet activation via PPARs have not yet been completely established. The aim of this study was to examine the mechanisms by which the PPAR-mediated pathways contribute to the antiplatelet activity of simvastatin. Simvastatin (3-50 μM) induced PPARα and PPARγ activation in a dose-dependent manner in washed platelets. Additionally, simvastatin inhibited collagen-induced platelet aggregation, expression of CD62 and PAC-1, and Ca(2+) mobilization. These effects of simvastatin on platelet responses were strongly reduced by adding a selective PPARγ antagonist (GW9662), but not PPARα antagonist (GW6471). Moreover, in the presence of GW9662, simvastatin-mediated increase of cyclic adenosine monophosphate (cAMP) production, vasodilator-stimulated phosphoprotein (VASP) Ser(157) phosphorylation and inhibition of Akt phosphorylation were markedly reversed. Furthermore, simvastatin was found to inhibit phosphorylation of mitogen-activated protein kinases (MAPKs, i.e., p38 MAPK, ERK) by increasing the association between PPARγ and the components of MAPKs after platelet activation. Taken together, the present results confirm that simvastatin inhibition of platelet activation is mediated by PPARγ-dependent processes, which involves mediating MAPKs signaling, increase of cAMP formation and VASP Ser(157) phosphorylation, inhibition of Akt phosphorylation and intracellular Ca(2+) mobilization.